JOURNAL 
of 


THE SOUTH AFRICAN 
CHEMICAL INSTITUTE 


NUMBER | NOMMER | 


Price 


JOERNAAL 


van 


DIE SUID-AFRIKAANSE 
CHEMIESE INSTITUUT 


‘ 

\ 

= 

YD 

: 7/6 Prys 

i 


Ethyl Alcohol * Amyl Alcohol 5 
n-Butyl Alcohol * Acetone 3 
Amyl Acetate «+ n-Butyl Acetate 
Ethyl Acetate ¢ Phthalic Anhydride 


HEAD OFFICE: P.O. BOX 344, GERMISTON, TRANSVAAL. 


Subsidiary Companies: Umgeni Distilleries, Ltd., Durban. Poly-Resin Products Ltd., East London. 
Branches at Cape Town, Port Elizabeth and Salisbury 


dy? 
BE 
That maintain thecputse of industry 
+ 
— 


Bis 


Die Redakteur en die Instituut aanvaar geen verantwoordelikheid vir verklar 
ings wat gemaak word of menings wat uitgespreek word deur bydraers nie. 


The Editor and the Institute assume no responsibility for statements made and 
opinions expressed by contributors. 


Publications Committee/Publikasie-komitee 


S. S. Israelstam, M.Sc., Ph.D., F.R.1.C. (Chairman|V oorsitter) 
G. W. Perold, D.Sc., Dr. sc. techn. (Vice-Chairman|Vise-voorsitter) 
S. Goodman, B.Sc. (Eng.), F.R.1.C. 
A. W. Lategan, M.Sc., Ph.D. 
H. A. E. Mackenzie, M.Sc., Ph.D., D.L.C., A.R.LC. 
K. Mathieson, D.Sc. 
M. Mrost, M.Sc., F.R.I.C. 
K. A. Murray, M.Sc., Ph.D., F.R.I.C. 
D. J. Schoeman, M.Sc., Ph.D., A.R.I.C. 


and the Editor of the Journal/en die Redakteur van die Joernaal, 
L. J. Dry, M.Sc., Ph.D. 


Editorial Board/Redaksionele Bestuur 


Editor/Redakteur .. .. D. E. A. Rivett, M.Sc., Ph.D. 
Professor L. J. le Roux, M.Sc., B.Com., D.Sc. 
L. H. Stein, M.C., B.Sc., Ph.D. 
The Chairman of the Publications Committee/Die Voorsitter van die Publikasie- 
komitee (ex officio). 


The Vice-Chairman of the Publications Committee/Die Vise-voorsitter van die 
Publikasie-komitee. 


Published by the Institute, Kelvin House, Uitgegee deur die Instituut, Kelvinhuis 
Johannesburg 


J 
a 
. 


OFFICE BEARERS AND COUNCIL—1957-58—AMPSDRAERS EN RAAD 


President: 
A. L. Abbott, B.Sc., ERA. 


Immediate Past President] V orige-president : 
F. Hawke, M.Sc. (Eng.), Ph.D., F.R.I.C., A.M.I.Chem.E. 


Vice-President] Vise-president : 
H. A. E. Mackenzie, M.Sc., Ph.D., D.I.C., A.R.LC. 


Honorary Secretary and Treasurer|Ere-sekretaris en Tesourier : 
M. Mrost, M.Sc., F.R.I.C. 


Chairman of the Publications Committee V oorsitter van die Publikasie-komitee : 
S. S. Israelstam, M.Sc., Ph.D., F.R.I.C. 


Members of Council/Raadslede: 
E.. Province Section/O. Provinsie Seksie: 
V. A. Morris, B.Sc. 
R. Schauder, B.Sc. 


Natal Section/Sekste: 
W. A. Dark, B.Sc., Ph.D., D.I.C., A.R.I.C., A.M.I.Chem.E. 
A. F. Strangman, M.Sc. 
C. van der Pol, B.Sc. (Eng.), Ph.D. 


Pretoria Section|Sekste: 


Professor L. J. le Roux, M.Sc., B.Com., D.Sc. 
C. C. van der Merwe, M.Sc. 
G. W. Perold, D.Sc., Dr.Sc.Techn. 


S. Transvaal Section|Sekste: 


P. R. C. Cooke, B.A., B.Sc. 
S. Goodman, B.Sc. (Eng.) F.R.I.C. 
G. S. James, O.B.E., M.Sc. 
A. Mendelowitz, M.Sc. (Eng.), Ph.D., A.R.I.C. 
R. A. Wood. 


W. Province Section|W. Provinsie Seksie: 


E..N. Costa, B.Sc., A: R.L.C. 
N. Greenblau, B.Sc. (Eng.), A.R.I.C. 
Professor E. F. C. H. Rohwer, M.Sc., Dr. rer. Nat. 


Past Office Bearers|V orige Ampsdraers: , 


Professor L. D. C. Bok, M.Sc., Dr.rer.Nat., D.I.C. 
P. R. v.d. R. Copeman, B.A., B.Sc., D.Sc. 
H. H. Dodds, M.Sc., M.S., Hon. D.Sc., F.R.I.C. 
W. H. Dyson, M.A., F.R.I.C. 
H. J. Koch, M.Sc., A.R.L.C. 
K. A. Murray, M.Sc., Ph.D., F.R.I.C. 
A. J. Petrick, M.Sc., Dipl.Ing., Dr.Ing. 


| 


CONTENTS — INHOUD 


Page| Biadsy 


ANALYTICAL APPLICATION OF THE SEPARATION OF IRON-III FROM ALUMINIUM 
EMPLOYING ANIONIC EXCHANGE REsIN by L. D. C. Bok anv V. C. O. 
SCHULER 


THE AccurAcy OF pH DETERMINATION WITH A GLASS ELECTRODE by D. A. 
CLUR AND N. P. FINKELSTEIN 


PREPARATION OF DOUBLE METAL SULPHIDES OF THE TyPE AB,S,. Parr III. 
COMPOUNDS OF MOLYBDENUM AND TANTALUM by L. D. C. Bok AND 
J.C. A. BOEYENS .. 


THE SPECTROCHEMICAL ANALYSIS OF CERTAIN MACRO- AND MINOR ELEMENTS 
IN PLANT ASH USING A CONSTANT CURRENT GENERATOR by 
A. STRASHEIM AND R. J. KEppy 7 


CHEMICAL INVESTIGATIONS OF PHOTOSENSITISATION DISEASES OF DOMESTIC 
ANIMALS. Part I. ISOLATION AND CHARACTERISATION OF STEROIDAL 
SAPOGENINS FROM TRIBULUS TERRESTRIS by W. T. DE Kock AND 
P. R. ENXsiin 


33 


_ Manufacturers of the famous 


AFRICAN MAID 


PRODUCTS 


and Dextrines to South African and Overseas 
Industry. All products made from South African 


| 
| Suppliers of Glucose, Starches, Modified Starches 
| 
| Maize. 

| 


AFRICAN PRODUCTS 
MANUFACTURING COMPANY LIMITED 


| Industrial Sites (East) Germiston 


| 
21 
| 
| 
| | 
| 
| 
| 
| 
| 
= 
| 
| 
| 
| 


Sales information can be obtained trom ov 

Chemicals Department and technical advice on 

our chemicals and their uses from our Chemical 

Service;Department, at the Sales Offices liste 
below. 


AFRICAN EXPLOSIVES 
AND CHEMICAL INDUSTRIES, LIMITED 
dohannesburg, Durban, Cape Town, Welkom, Port Elizabeth 


AFRICAN EXPLOSIVES 

AND CHEMICAL INDUSTRIES (RHODESIA) 
LIMITED 

Salisbury, Bulawayo, Ndola, Gwelo 

AFRICAN EXPLOSIVES 

AND CHEMICAL INDUSTRIES (EAST AFRICA) 
LIMITED 

Nairobi 


Accumulator Acid (Battery Acid) 
Aluminium Sulphate 
Ammonia Anhydrous 
Ammonia Liquor 

Arsenic 

Burnt Ore 

Chlorine Liquid 

Copper Sulphate 

Fire Retarding Compound 
Glycerine 

Hydrochloric Acid 

Lead Nitrate 

Lime Sulphur Solution 
Manganese Sulphate 
Nitric Acid 

Phosphoric Acid 
Phosphoric Acid Paste 


Silver Nitrate 


Sodium Bisulphite Solution 
Sodium Hypochlorite 
Sodium Silicofluoride 
Sodium Sulphite Crystals 
Sodium Thiosulphate (Hypo) 
Special Curing Saltpetre 
Sulphur 

Sulphur Dioxide Solution 
Sulphuric Acid 
Zinc-Ammonium Chloride Solution 
Zinc Chloride Solution 

Zinc Sulphate 


. 
. 
j 


lead 


Shell the way to 
Chemicals BETTER LIVING 


SOLVENTS 
Ketones, Alco- 
POLYGLYCOLS 
Dioxitols, 
Range A Glycol Ethers 
MW. 200-1600 


99% 
DETERGENTS 


Anionic and Plasticing 


Nonionic Oil 
PAINT AND *“Teepol” and 


LACQUER ““Nonidet”’* 
THINNERS 


V.P.1. 
POWDERS 


Vapour Phase 


“EPIKOTE” * Inhibitors 
RESINS 


Pvc Epoxy Group ANTI- 


Polyvinyl OXIDANTS 
Chloride : “Tonol’’* 


ALKANOL- 


The high standard of living AMINES 
enjoyed by the modern world 

would be impossible but for the 

organic chemical industry which produces a 

wide range of specialised products. 

An important and fast-growing branch of this industry is that 
which produces petrochemicals derived from petroleum 
such as the Shell Chemicals products named here. 


Available from: 
Shell Chemicals Distributing Company of Africa Ltd., P.O. Box 8, Wadeville, Transvaal 
P.O. Box 2068, Durban, Natal . P.O. Box 665, Port Elizabeth, Cape . P.O. Box 35 
Paarden Eiland, Cape . P.O. Box 553, Salisbury,S.R. P.O. Box 5005, Nairobi. 
Y, (lncorporated in England) 
*Registered trade marks. Registered users of the ‘‘Shell’’ trade mark. 
G23/165 


. 
$5 
{ 
\ 


FOR MODERN CONSTRUCTIONS 


PORTLAND CEMENT 
FERROCRETE 


THE RAPID HARDENING PORTLAND CEMENT 


SNOWCEM 


THE WATERPROOF CEMENT PAINT 


man spans the ~— co LORCR ETE 


He lays down airfields, COLOURED PORTLAND CEMENT 


controls the floods and C U LLA M 1X 


brings water to the deserts. COLOURED CEMENT & SPECIAL” AGGREGATE 


The enduring nature of concrete, A a U A C R E T E 


THE WATER-REPELLENT CEMENT 


417 CEMENT 


QUICK SETTING EXTRA RAPID HARDENING 


. . these qualities WALL 


(dependent on the cement which 


With concrete, 


its adaptability to 


a thousand uses 


forms its base) 


have made it a 


symbol of 


This symbol identifies the products of 


WHITE'S SOUTH AFRICAR PORTLAND CEMENT COMPANT LIMITED 


UNCORPORATED IN THE UNION OF SOUTH AFRIC 


PO. BOX 2484 JOHANNESBURG 


<= 
| 
of > . 4 
° 
=| < 
a = 
achievement wit’ 
4 


production 


aids the chemist 


By-products of the coke ovens become raw 
material for the chemist. His skill in the lab- 
oratory has produced a host of things such as 
paints and preservatives, insecticides and 
solvents. 

In addition to supplying two-thirds of 
South Africa’s steel requirements, Iscor also 
supplies large quantities of coke oven by- 
products to the chemical industry. The chemist 
in turn aids steel production, for Iscor chemists 
are responsible for quality control—a most 
important function in any industry—especially 
in making steel. 


SOUTH AFRICAN IRON AND STEEL 
INDUSTRIAL CORPORATION, LTD. 


P.O. Box 450 PRETORIA 


The 
Natal Cane 


By-Products 
Ltd. 


Distillery 


P.O. Box 3 - Merebank - Natal 


MANUFACTURERS OF: 


ETHERS: 
Anaesthetic In I-lb amber coloured 
bottles. Conforming to 
the 1953 B.P. and the 
specifications of the 
Council of the S.A.B.S. 


Solvent (Pure) ees to the 1953 


Technical (Commercial) 


METHYLATED SPIRIT Mineralised (Coloured) 


and Industrial (Non- 
Coloured). 


RECTIFIED SPIRIT (96%) Prime Quality and De- 


odorised grades. 
ABSOLUTE ALCOHOL (99.9%) 


UNION MOTOR SPIRIT A 50/50 Alcoho/IPetrol 
100 Octane Motor Fuel 
for modern engines. 


Enquiries to: 
Secretaries & Selling Agents: C G. Smith & Company 
Limited, Allied Building, Gardiner Street. 
(P.O. Box 43), DURBAN. Telephones: 21311/5. 


JOHANNESBURG CAPE TOWN 
B. Mendelsohn (Pty.) Ltd. C. G. Smith & Co., Led. 
Phone 22-0311 Phone 20608 
P.O. Box 565 P.O. Box 1314 


EAST LONDON PORT ELIZABETH 


Courlander’s Agencies Courlander’s Agencies 
Phone 2579 Phone 24586 
P.O. Box 352 P.O. Box 1029 
RHODESIAS 
Harrison & Hughson (Agencies) (Pvt.) Ltd. 

SALISBURY BULAWAYO NDOLA 
P.O. Box 508 P.O. Box 854 P.O. Box 261 
Phone 21169 Phone 60912 Phone 2882/3 


Also High Grade FOOD YEAST as manu- 
factured by our Subsidiary Company: THE 
FOOD YEAST COMPANY (PTY.) LTD. 


Enquiries: P.O. Box 2642 (Phone 62854) DURBAN 


7 == 
~ 
~ 
Y 4 
\7 
| 
i 


INDUSTRIAL 
CHEMISTS... 


Get in touch with 


our 
Technical Manager 
for further 
information 


Write to him at: 


produce CAUSTIC SODA, 
LIQUID CHLORINE, 
SODIUM HYPOCHLORITE, 


HYDROCHLORIC ACID (commercially 
and chemically pure). 


ALSO MAKE 
OPPORTUNITIES FOR 
GRADUATES IN 
CHEMISTRY AND 
CHEMICAL ENGINEERING 


Excellent opportunities for 
advancement, for the processes 
involved in the manufacture of 
SAPPI chemicals embrace a very 
wide field. 


South African Pulp and Paper Industries Ltd., 


P.O. Enstra, 
Via Springs, 
Transvaal. 


SOUTH AFRICAN PULP AND 
PAPER INDUSTRIES LIMITED 


Manufacturers of Paper, Board 
and Industrial Chemicals 


SALES OFFICES: 

JOHANNESBURG: Third Floor, Union Corporation Building, 
74-78 Marshall Street, P.O. Box 9601, Telephone 33-5687/8 
DURBAN: 404 Sanlam Buildings, Smith St., Telephone 60115. 
CAPE TOWN: Dawson House, 37 Strand Street, P.O. Box 
1382, Telephone 36335. PORT ELIZABETH: 210 Ortacs Bldg. 
Darling Street, Telephone 87024. 

MILLS AT: SPRINGS: Transvaal, Tel. 56-2123, and 


MANDINI: Zululand, Tel. Mandini 7 


. 
: 
\ 


World-wide experience 
gives you tomorrow’s answer today 


1.C.1. 
TECHNICAL SERVICE 


I1.C.I. Technical Service is renowned 
the world over for its expert advice 
and assistance in solving industry’s 
chemical problems. These range from 
providing a heat treatment for hard- 
ening tin opener blades, to finding a 
way of shrinking 2,000 ton hydraulic 
presses before installation. 

Efficiency and output are stepped up, 


and often new products and new 
techniques result. 

The world-wide resources and ex- 
perience of 1.C.1. Technical Service, 
one of the largest research organisa- 
tions in the world, are in the service of 
Industry in Southern Africa. I.C.I. 
research is playing a vital role in 
the country’s progress. 


IMPERIAL CHEMICAL INDUSTRIES (SOUTH AFRICA) LTD. 


Sales Offices at: 


JOHANNESBURG * DURBAN 
SALISBURY 


BULAWAYO 


CAPE TOWN PORT ELIZABETH 
NDOLA 


LZ 
[ge 


FISONS 


e FERTILIZERS 
e WEEDICIDES 
e INSECTICIDES 
e FUNGICIDES 


FISONS 
(PTY.) LIMITED 


P.O. Box 1893, Durban 
P.O. Box 3, Kuils River, C.P. 


PEST CONTROL 
(S.A) LIMITED 


P.O. .Box 1893, Durban 
P.O. Box 61, Stellenbosch, C.P. 


y FISONS 


FISONS 


e KUNSMISSTOWWE 

e INSEKTEMIDDELS 

ONKRUIDBEHEERMIDDELS 
e SWAMDODERS 


FISONS 
(EDMS.) —_BPK. 


Posbus 1893, Durban 
Posbus 3, Kuilsrivier, K.P. 


y FISONS 
PLAAGBEHEER 
(S.A.) BPK. 


Posbus 1893, Durban 
Posbus 61, Stellenbosch, K.P. 


| | 
| | 
| for 
| 
= 


COAL PREPARATION PLANTS 


MECHANICAL HANDLING PLANTS 
THE SIMON HYDRAULIC PLATFORM 


GENERAL CHEMICAL PLANTS 


POWER PLANTS 
ELECTRO-PRECIPITATORS 


COKE OVENS 
TAR DISTILLATION PLANTS 


ORE DRESSING & ROASTING 


Simon-Carves 
(Africa) (Pty.) Ltd. 


7th Floor, Saker’s Corner, c/r Eloff and Frederick Streets, 
Johannesburg. Box 9599. Telephones 22-4153/4. 


Associated with 


SIMON-CARVES LTD. 
HUNTINGTON, HEBERLEIN & CO., LTD. 
SIMON ENGINEERING (MIDLANDS) LTD. 
CHEMICAL ENGINEERING WILTONS LTD. 


SULPHURIC ACID & 
i 
Gi 


° 


Vol. XI, No. 1 JOURNAL OF THE SOUTH AFRICAN CHEMICAL INSTITUTE 1 


ANALYTICAL APPLICATION OF THE SEPARATION OF IRON-III 
FROM ALUMINIUM EMPLOYING ANIONIC EXCHANGE RESIN 


by 


L. D. C. BOK and V. C. O. SCHULER 


OPSOMMING 
As 'n oplossing van yster-III en aluminium in gekonsentreerde soutsuur deurgestuur word 
deur ’n kolom van die anioon-uitruilingsharpuis Amberlite IRA 400, word die yster bevredigend 
teruggehou, en die aluminium gaan deur. Die yster kan uitgewas word met N soutsuur. Die 
invloed van titanium word beskou. Toepassings word gegee vir die bepaling van yster en aluminium 
in sement en in ammonium-diuranaat. 


SUMMARY 


When a solution of iron-I1I and aluminium in concentrated hydrochloric acid is passed through 
a column of the anion exchange resin Amberlite IRA 400, the iron is satisfactorily retained, and 
the aluminium passes through. The iron can be eluted with N hydrochloric acid. The effect of 
titanium is considered. Applications are given for the determination of iron and aluminium in 
cement and in ammonium diuranate. 


The adsorption of iron-III from hydrochloric acid solution has been reported 
by Kraus and Moore?. Adsorption was stated to be probably caused by the formation 
of a negatively charged {[FeCl,)~ complex. Reents and Kahler* have reported an 
industrial application of this in the removal of iron from hydrochloric acid. 


In the investigation described below, an attempt has been made to separate 
iron-III from aluminium by passing the hydrochloric acid solution through an anion 
exchange column. An advantage this procedure has over the ferric thiocyanate com- 
plex method of separation of Teicher and Gordon? is that the resin columns can be 
rapidly regenerated, and the iron can be determined in the effluent. A 30 ml. resin 
column will retain virtually no iron after elution with 250 ml. N hydrochloric acid. This 
is probably because on elution the iron which has been adsorbed from concentrated 
hydrochloric acid as an anionic complex |FeC1,)~ is converted to cationic Fe + + and 
the eluting process becomes a washing stage rather than a displacement process. It 
was found that it required at least 1 litre of either 3N or 4N hydrochloric acid to 
elute 2 mg. iron-III as thiocyanate from a similar anion exchange resin column. 


EXPERIMENTAL 


Materials used: Resin: Rohm & Haas Company—Amberlite I.R.A. 400 
(Strongly basic anion exchanger). Hydrochloric acid: A.R.Q. (A.E. and C.1.) Iron: 
Merck’s pure iron wire. Aluminium: B.D.H. Reagent Grade aluminium turnings. 


Exchange columns: The columns employed were of the Jones Reductor type 
with the following approximate dimensions: total length above sintered glass filter 
disc 28 cm.; internal diameter 1-5 cm. except the top 5 cm. which was flared to 2-5 
cm. internal diameter. A mark at 30 ml. capacity was made by pouring in this volume 
of water and marking the level. 
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Treatment of resin: The resin, as received, was first soaked in approximately 
N hydrochloric acid for several days. Suitable quantities of the resin (30 ml.) were 
then transferred as a slurry to the exchange columns. The resin in the columns was 
then eluted alternately with 100 ml. N hydrochloric acid and 100 ml. concentrated 
hydrochloric acid. 


Procedure for column runs: Before any sorption step the columns were flushed 
with several bed volumes of the solvent which was to be used in the actual determina- 
tion. A final check for iron was made on the effluent by the thiocyanate test, which 
according to Vogel‘, has a sensitivity of 0-25ug. Fe + ++, when applied as a spot test. 
The level of the liquid was never allowed to fall below the top of the resin bed, suc- 
cessive additions being made to the columns just as the last of the remaining solution 
entered the resin. A flow rate of approx. 2 ml. per minute was maintained unless 
otherwise stated. 


Analytical methods employed: Iron was determined by the colorimetric thio- 
cynate method®, For aluminium the phosphate precipitation method® was used, 
as it was found that precipitation of the hydroxide with ammonia and subsequent 
ignition to Al,0, gave high results unless the precipitates were ignited to 1200°. 
The normality of the concentrated hydrochloric acid used was determined with anhy- 
drous sodium carbonate’ and found to be 10-35. 


RESULTS 

Efficiency of iron-III adsorption from concentrated hydrochloric acid solution: 
Aliquots of a standard iron solution were taken to dryness without baking with 0-5 ml 
concentrated nitric acid to ensure that the iron was in the III-form. Reents and 
Kahler? state that iron-II does not form the chloride complex. After cooling, the 
residues were dissolved in 25 ml. concentrated hydrochloric acid. Where dissolution 
was difficult, the solutions were warmed to 40-50° for a short while. These solutions 
were then passed through the resin columns previously flushed with concentrated 
hydrochloric acid. The columns were then washed with ten 10 ml. portions of con- 
centrated hydrochloric acid. 


The effluents and washings were combined and evaporated to approximately 
10 ml., 0-5 ml. concentrated nitric acid was added, and the solutions taken to dryness. 
The residues were taken up in 5 ml. 3N hydrochloric acid and the iron determined 
by the thiocyanate method. The results are given in Table I. 


TABLE I 
Efficiency of iron-III adsorption from concentrated hydrochloric acid solution. 


Fe taken (mg.) Fe in Effluent (mg.) °., Adsorption 
5-0 0-012 99-8 
5-0 0-010 99-8 
75 0-016 99-8 
75 0-020 99-7 
10-0 0-035 99-7 
10-0 0-034 99-7 
12-5 0-050 99-6 


12:5 0-021 99-7 
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Thus it can be seen that in the range of the concentrations tested, only about 
0-01-0-04 mg. iron will be found in the effluent. If aluminium is determined in the 
effluent contamination by iron will be insignificant. 


Effect of acid concentration on adsorption: Aliquots containing 5 mg. iron were 
taken to dryness with 0-5 ml. concentrated nitric acid as above and taken up in 
25 ml. hydrochloric acid at various dilutions. These solutions were then passed through 
resin columns which had previously been washed with ten 10 ml. portions of hydro- 
chloric acid of corresponding concentration. The iron in the effluents was then deter- 
mined. It was found (see Table II) that very little leakage of iron occurred even 
when the acid concentration was reduced to 1 : 1 (approximately 5N). At a normality 
of about 4N, however, appreciable leakage was observed. 


TABLE II 


Effect of acid concentration on adsorption 
5-0 mg. iron taken. 


Acid concentration Fe in effluent (mg.) °% Adsorption 
10-4N 0-012 99-8 
10-4N 0-010 99-8 

9-4N 0-022 99-6 
9-4N 0-017 99-7 
8-3N 0-021 99-6 
8-3N 0-018 99-6 
6-7N 0-022 99-6 
6-7N 0-025 99-5 
6-2N 0-019 99-6 
6-2N . 0-018 99-6 
0-030 99-4 
5-2N 0-018 99-6 
4:2N 0-35 93-0 
0-52 89-6 


Elution of iron from columns: Even when the acid strength is reduced to 5N 
hydrochloric acid the [FeC1,)— ion can be effectively adsorbed but at lower strengths 
significant leakage occurs, although Kraus and Moore! report adsorption of [FeC1,)— 
from 3N hydrochloric acid solution. Reents and Kahler? describe industrial methods 
for the removal of iron from hydrochloric acid, with subsequent removal of iron from 
the columns by flushing with water. 


As iron-III precipitates out® at a pH 2-3, it was thought preferable to use 
approx. N hydrochloric acid to remove the iron from the columns. 


The columns used for determining the efficiency of adsorption from concentrated 
hydrochloric acid were eluted with N hydrochloric acid and the eluates were collected 
in 250 ml. graduated flasks. Elution was conducted at the same flow rate as the 
initial sorption. Enough elutriant was passed through the columns to make the 
volume up to 250 ml. in the collecting flasks. The iron in the eluates was then deter- 
mined. The results in Table III indicate that 250 ml. N hydrochloric acid will remove 
practically all the iron from a 30 ml. resin column. 


} 
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TABLE III 


Elution with N hydrochloric acid. 


Fe taken (mg.) Fe found (mg.) 
5-0 5-0 
5-0 5-0 
75 7:4 
75 7-4 
10-0 10-0 
10-0 10-0 
12:5 12-4 


12-4 


Separation of mixtures of aluminium and iron-III: To determine whether iron 
and aluminium can be satisfactorily separated in hydrochloric acid solution by 
means of ion exchange, mixtures containing 5 mg. iron and from 10 to 50 mg. alu- 
minium in 25 ml. concentrated hydrochloric acid were prepared. After passage 
through the resin columns and washing with concentrated hydrochloric acid, the 
effluents were evaporated to approximately 10 ml. and the aluminium determined by 
the phosphate method. The iron was removed from the columns by elution with 
250 ml. N hydrochloric acid and then determined by the thiocyanate method. The 
results in Table IV indicate that a good separation of these metals can be achieved. 


TABLE IV 


Separation of iron-III from aluminium. 


Fe taken (mg.)| Al taken (mg.) | Fe found (mg.) Al found (mg.) 
5-0 10-0 | 5-0 10-0 
5-0 | 10-0 4:9 | 9-9 
5-0 | 20-0 5-0 20-3 
5-0 20-0 5-0 20-3 
5-0 20-0 5-0 20-3 
5-0 50-0 5-0 50-4 


5-0 50-0 5-0 49-7 


Effect of titanium: As titanium is often associated with iron and aluminium in 
ores, its behaviour when passed through an anion exchange column in concentrated 
hydrochloric acid solution was investigated. 


A solution of 5 mg. titanium in 25 ml. concentrated hydrochloric acid was 
passed through an anion exchange column. After some 25 ml. had entered the resin 
bed, a positive test for titanium was obtained in the effluent by means of the hydrogen 
peroxide test. 

It was considered that the yellow complex of titanium with hydrogen peroxide 


might possibly be retained on the resin. Accordingly, 100 volume hydrogen peroxide 
was added to 5 mg. titanium in 25 ml. concentrated hydrochloric acid until no further 


| 
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darkening of the solution occurred. A column of IRA 400 resin was flushed with 
hydrochloric acid containing hydrogen peroxide and the yellow peroxidised titanium 
solution was then passed through. The effluent had practically the same colour as the 
original solution, indicating that the complex is not appreciably adsorbed. 


To test whether any titanium in concentrated hydrochloric acid solution is 
retained on the resin, known amounts were passed through the columns, followed by 
ten 10 ml. washes of concentrated hydrochloric acid. The effluents were made up to 
250 ml., suitable aliquots removed, and the titanium determined by the peroxide 
method *. From the results in table V it appears that the columns retain some 10% 
of the titanium after a 100 ml. wash. The columns were then washed with a further 
25 ml. concentrated hydrochloric acid and the titanium determined in the effluents. 
These too contained titanium, but complete recovery of the titanium was not effected 
even after an additional 25 ml. wash. The results show that to collect all the titanium 
in the effluent a wash of more than 100 ml. would be necessary, a quantity sufficient 
to wash through at least 50 mg. of aluminium. 


TABLE V 


Recovery of titanium with concentrated hydrochloric acid. 


Ti in 2nd wash Ti in 3rd wash 


Tiin Ist wash with an extra with a further 
Ti taken (mg.) with 100 ml. (mg.) 25 ml. (mg.) 25 ml. (mg.) 
1-0 0-9 
1-0 0-9 
5-0 4:5 
5-0 4-4 
10-0 8-5 0:96 0-48 


10-0 8:5 0-88 | 0-44 


Interference of titanium in aluminium determinations: Most of the conventional 
methods for the determination of aluminium require the absence of titanium, viz:— 
(i) Precipitation with ammonia as aluminium hydroxide—titanium will also hydro- 
lyse and precipitate. (ii) 8-Hydroxyquinoline—according to Flagg!° the respective 
aluminium and titanium ‘‘oxinates’” precipitate completely in the following pH- 
ranges: Aluminium 4-2-9-8; Titanium 4-8-8-6. This indicates that a separation of 
the two metals is not easily achieved by oxine. (iii) Phosphate method—Hillebrand, 
Lundell, Bright and Hoffman?! state that titanium interferes. 


It is thus essential to remove any titanium before attempting to determine 
aluminium after the iron has been separated by the ion exchange procedure. 


It is stated that small amounts of titanium can be separated from proportion- 
ately large amounts of aluminium by precipitating the former with 6% aqueous 
cupferron in 3N hydrochloric acid solution !?. This procedure was tested by preparing 
solutions containing known quantities of aluminium and titanium. The titanium 
was precipitated with cupferron as above, the titanium cupferrate filtered off and 
washed well with dilute hydrochloric acid. The filtrate containing the aluminium 
was evaporated to small volume, and the excess cupferron destroyed by fuming off 
with sulphuric and nitric acids. The aluminium was then determined by the phosphate 
method. Solutions containing like amounts of aluminium but no titanium were also 
analysed for comparison. The results are given in Table VI. 
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TABLE VI 


Interference of titanium in aluminium determinations. 


Ti taken (mg.) and 


afterwards separated 
Al taken (mg.) with cupferron Al found (mg.) 
20-0 | 20-3 
20-0 20-5 
20-0 2-0 20-4 
20-0 | 2-0 20-4 


The separation of titanium from aluminium by differential hydrolysis in acetic 
acid—acetate buffer’* was also investigated, but it was found that the hydrolysed 
titanium from dilute solution gave a fine suspension which proved very difficult to 
filter. 


The determination of aluminium in materials such as bauxite, containing titan- 
ium, may thus be accomplished by first removing the iron by an exchange process, 
separating the titanium with cupferron and finally precipitating aluminium. 


Practical applications. 
(a) Determination of alumina in cement. 


0-25G. of a commercially available standard analysed sample was moistened 
with 10 ml. water, 5 ml. concentrated hydrochloric acid were added, and the suspen- 
sion was digested and agitated with a glass rod until solution was complete. The 
solution was then taken to dryness to dehydrate the silica. The residue was treated 
with 5 ml. concentrated hydrochloric acid, diluted to 20 ml., and heated to dissolve 
the salts. It was then filtered immediately and washed with dilute hydrochloric 
acid. The filtrate was heated to boiling and neutralised to methyl red with ammonia, 
boiled for one minute, filtered and washed with 5%, ammonium nitrate solution. 
The precipitate was redissolved in hydrochloric acid and the above precipitation and 
filtration repeated to separate calcium and magnesium. The hydroxide precipitate 
was then dissolved in a minimum of hydrochloric acid and evaporated to dryness. 
The residue was dissolved in 25 ml. concentrated hydrochloric acid and passed 
through a 30 ml. Aberlite IRA 400 resin column previously flushed with concentrated 
hydrochloric acid. The column was then washed with ten 10 ml. portions of concen- 
trated hydrochloric acid. 


As the sample contained no titanium, the effluent was evaporated to 25 ml., and 
the aluminium determined by the phosphate method. The result was in good agree- 
ment with the value guaranteed by the suppliers. 


(b) Determination of alumina in ammonium diuranate “‘cake’’. 


2-0G. of the dry sample was dissolved in a minimum of nitric acid, 10 ml. con- 
centrated hydrochloric acid added, the solution evaporated to dryness and baked 
for 1 hour at 110° to dehydrate any silica. The residue was treated with 100 ml. 
10% hydrochloric acid and heated to dissolve the salts. The silica was filtered off 
on a Whatman No. 42 filter paper and washed with 5% hot hydrochloric acid. The 
filtrate was heated to near boiling and ammonia added until the first permanent 
precipitate appeared. Ammonium carbonate and more ammonia were added until 
the solution was just alkaline to litmus, after which the solution was boiled for one 
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minute and filtered. (The uranium compound is soluble in alkaline carbonate solu- 
tion.) After washing with 5° ammonium carbonate solution, the precipitate of iron 
and aluminium was dissolved in hydrochloric acid and the above separation repeated 
to ensure the complete separation of uranium. 


The iron and aluminium hydroxides were then dissolved in hydrochloric acid 
and evaporated to dryness with a little nitric acid. The residue was taken up in 25 ml. 
concentrated hydrochloric acid. The iron was then separated by passing the solution 
through a 30 ml. IRA 400 resin column and washing with concentrated hydrochloric 
acid. The effluent was evaporated to about 20 ml. and then diluted to 300 ml. The 
Solution was tested for the presence of titanium by adding a few drops of hydrogen 
peroxide (100 vol.). No yellow colour was formed, indicating the absence of titanium. 
The aluminium was then determined by the phosphate method. 


As no standard analysed sample of this material was available to us, known 
amounts of aluminium were added to 2-0 g. ammonium diuranate samples and taken 
through the whole process. Table VII shows that the alumina recovered is comparable 
with the additions made. 


TABLE VII 


2: 0G. ammonium n diuranate with alumina additions. 


A1,0, added Total A1,0, | | % A1,0, in origi- 
(mg.) found (mg.) | Difference | ginal sample 
Nil 19-4 
19-4 0-97 
Nil 19-4 
10 30-4 
19-8 | 0-99 
10 29-1 
20 | 38-6 
19-6 0-98 
20 40-6 | 
40 59-0 | 
19-2 0-96 


40 59-3 


The iron from the columns was eluted with N teveedhdacke acid and the eluates 
made up to 250 ml. The iron in these solutions was then determined colorimetrically 
by the thiocyanate method. The results varied from 0-28% to 0-30% iron. 


A method for determining both iron and aluminium on the same sample is thus 
available. 
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THE ACCURACY OF pH DETERMINATIONS WITH A GLASS 
ELECTRODE 


by 


D. A. CLUR and N. P. FINKELSTEIN 


OPSOMMING 


Die fout van die vloeistof kontakpotensiaal in pH bepaalings is met behulp van ’n pH meter 
onder praktiese omstandighede ondersoek. Verskeie maniere om vloeistof kontakte te verkry 
is vergelyk, en 'n metode word beskryf wat die reproduseerbaarheid van die fout tot binne 0-01 
van ’n pH eenheid verseker. 


SUMMARY 
The liquid junction potential error in pH measurements with a glass electrode has been 
studied under practical conditions using a pH meter. Various methods of making liquid junctions 
have been compared, and a procedure is given which ensures a reproducibility of the error to 
within 0-01 pH units. 


Certain high precision solubility measurements at present being undertaken in 
this Department necessitate a knowledge of the pH’s of unbuffered solutions accurzte 
to at least 0-01 pH unit. Although pH’s are generally quoted and regarded accurate 
to 0-01-0-02 pH units, theoretical considerations indicate that residual liquid junction 
potentials involved must give rise to errors far in excess of this limit. Dole! men- 
tions that these may be as great as 0-1 pH unit, but does not appear to have adequate 
experimental support for this statement. It was therefore essential that these con- 
flicting views should be resolved before the accurate determinations envisaged could 
be carried out. Accordingly, it is the purpose of this investigation to demonstrate the 
order of magnitude of the error due to liquid junction potentials under the conditions 
pertaining during pH measurements, and in addition to show the significance of the 
common neglect of certain fundamental properties of liquid junctions. 


It has been shown? that the magnitude, stability and reproducibility of liquid 
junctions depend, among other things, on the way in which the liquid junction is 
made. A satisfactory junction should give a stable, reproducible potential, and in 
addition, when used with pH meters, should be simple to set up. The junctions 
usually embodied in the electrodes of commercial meters are chosen primarily to 
satisfy the requirements of convenience, for they are what Guggenheim? calls 
“indefinite type’’ junctions. These he found to be extremely irreproducible and 
unstable. He also showed that in order to satisfy the requirements of stability a 
junction must be made so as to have “cylindrical symmetry,”’ i.e. all concentration 
and potential gradients must be parallel to the axis of the tube. This is achieved, in 
practice, by forming the junction in a tube of regular bore, at a point some distance 
from its ends. Normally this type of junction is not used with pH meters, in spite of 
its advantages and the fact that, as will be shown, it can be very simply set up. 
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EXPERIMENTAL 
The cell studied was a conventional pH cell: 


| Potassium hydrogen | 
Ag-AgCl “Ha | glass | phthalate | Satd. KCl | Hg,Cl,-Hg 
pH=4-00 | 


The liquid junction between the buffer and saturated potassium chloride solution was 
prepared in different ways, and the variation of pH with time observed for each type 
of junction. Any change in the measured pH can only be caused by variations in the 
boundary layer, and hence in the junction potential. Care was taken to follow, as 
far as possible, the procedures usually used in pH work. Thus, the meter was set on 
the standard value of 4-00 pH units immediately after the junction had been made. 


The pH meter used was a Marconi Type TF 717A, which embodies a potentio- 
metric measuring circuit. A Sorensen Model 1001 voltage regulator, and a constant 
voltage transformer were used to eliminate the effects of mains fluctuations. In 
addition, to ensure that any pH fluctuation was due to unsteady junction potentials, 
the stability and reproducibility of the meter were checked by balancing it against 
a standard potential. No change in meter reading was observed over 16 hours. As 
the meter used has automatic temperature compensation, temperature effects could 
be neglected. 


Four types of liquid junction were considered: 
(a) Wick junction (as in the Beckmann electrode). 


(b) Porous plug junction (as in the Marconi electrode). 


(c) Simple dipping junction. This is one widely used with common laboratory 
calomel electrodes. The two solutions make contact at the end of a tube, filled with 
the first, and dipping into the second. In Type A the saturated potassium chloride 
solution was the upper, and in Type B the lower of the two solutions. 


(d) Cylindrically symmetrical junction. This was made as follows: The path 
DBCE (see Fig. 1) of a 120° three-way tap was completely filled with buffer solution, 
and any solution projecting beyond D and E removed with a piece of filter paper. 
With the tap turned so as to seal all three limbs, this bridge was carefully lowered, 
until D’ and E dipped into the buffer and saturated potassium chloride solution 
containers respectively. A and B were connected, and potassium chloride solution 
slowly drawn about two cms. up DB. Again all the limbs were sealed, and a tight 
fitting rubber bung inserted in F. The tap was now turned to connect A and C momen- 
tarily, and then B and C. By this means it was ensured that the sharp boundary in 
DB was not disturbed when B and C were connected. The saturated potassium chloride 
and buffer solutions were now in contact at a point in DB. This junction may be used 
with commercial electrodes, as shown in Fig. 1. No junction potential arises at the 
plug or wick of the commercial electrode as it is dipping into a saturated potassium 
chloride solution. 


RESULTS 


In Table 1 is given an analysis of the readings taken with the various types of 
junction. These are considered under three headings, viz. the readings taken during 
the first two hours after the junction had been set up, the readings taken after this 
period, and the readings taken during the whole period of the run. An indication of 
the stability of the readings in each of the cases treated is given by the mean devia- 
tion from the mean of the readings during each of the three periods, while the mean 
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pH during any period from the pH at which the meter was originally set indicates 
the reproducibility of the liquid junction potential. The data in Table 1 are summar- 
ised in Table 2 to facilitate comparison, and in addition, two other important stability 
characteristics are shown: the time which elapsed between the establishment of the 
junction and the attainment of a period of stability, and the duration yf the period 
of stability. 


Before considering the implications of these data, the meaning of the term 
“period of stability’ should be clarified. It was found that in all cases except that of 
the simple dipping junction Type A the making of the junction was followed by wide 
fluctuations of potential, which gradually decreased in magnitude until a steady 
state was reached. In this steady state variations of potential still occurred, but 
their magnitude remained constant. It is the period during which this steady state 
persisted which is known as the “stable period’. Both the time taken for the stable 
period to be arrived at, and its duration, varied from run to run, but the limits 
within which the steady state pH varied were less random, and clearly depended on 
the type of junction concerned. The figures in the Tables show that the porous plug, 
and simple dipping Type A junctions were the least stable. The potential at the 
latter, indeed, varied randomly during the whole period of a run, and no steady 
state could ever be detected. While the overall stability of the simple dipping Type B 
(+0-017 pH unit), wick (+.0-013 pH unit,) and cylindrically symmetrical junctions 
(+0-016 pH unit) were very similar, it is evident that the stability of the last was 
considerably greater than that of any other type (0-002 OH unit) once the steady 
state was reached. 


Two other marked differences in the behaviour of cylindrically symmetrical 
and conventional junctions are noteworthy. The first of these is the fact that the in- 
crease in stability, as the junctions approach the steady state was much greater for 


HI 
| Oy 
| 
Fig. 1 
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cylindrically symmetrical junctions; the second is that the steady rate did not deteri- 
orate in the case of cylindrically symmetrical junctions. Readings were taken for as 
long as 24 hours without any decrease in stability becoming manifest. In the other 
cases, however, it was found that the magnitude of the variations in pH increased 
after the steady state had been in existence for some hours. 


A striking feature of the results is the degree of irreproducibility of the potentials 
at all the types of junction treated above. They indicate that the most reproducible 
potentials are those at wick type junctions, and that these are considerably more 
satisfactory than the potentials at cylindrically symmetrical junctions. Even with 
wick junctions, however, it must be expected that irreproducibility at the liquid 
junction will introduce an uncertainty of 0-040 pH units in any complete determina- 
tion. If in addition, the instability of the junction is considered, the resultant un- 
certainty is seen to be of the order of 0-060 pH units. The significance of this figure 
is apparent if it is considered in the light of the statement made at the beginning of 
this paper—that pH’s measured by the techniques described above are commonly 
regarded as being accurate to within 0-01 to 0-02 pH units. 


Further considerations of cylindrically symetrical junctions 


It was considered that the irreproducibility shown above by cylindrically sym- 
metrical junctions was not inherent in the junctions themselves, but was caused by 
a fundamental error in the conventional pH determination procedure used here, 
which involves setting the meter, or reading the pH, immediately after the junction 
is made. The above results, however, as well as theory,? and accurate experimental 
work*, ® show that junction potentials, and in particular those at cylindrically 
symmetrical junctions, are unstable directly after their formation, but gradually 
steady with time. Thus, the conventional procedure leads to readings being taken, 
and the meter being standardised, at the most unfavourable time. It would surely 
be more satisfactory if the initial instabilities were allowed to die away, and the steady 
state reached, before reading or setting the meter. 


To prove this theory, another set of readings was made with cylindrically sym- 
metrical junctions using the following procedure. A cylindrically symmetrical junc- 
tion was set up as described above, and after a lapse of two hours the meter was 
set at the pH of the buffer. A new junction was then made and its pH followed until 
the steady state was reached. The results are shown in Table 3a. They show that this 
modification indeed produces a marked improvement, and reduces the uncertainty 
in a complete pH determination to within 0-01 pH units. 


The very real drawback of this method is that 2 to 3 hours are necessary for 
each pH reading. It was, however, also found possible to reduce considerably the 
time taken to set up the steady state by taking special precautions to minimise 
mixing of the two solutions as the junction is made. These consisted of siliconing the 
walls of the tube and carefully grinding flat its end. The marked improvement re- 
sulting is shown in Table 3b. Initial fluctuations were smaller and stability was 
reached in less than 30 minutes. Thus, it is possible to reduce the time necessary for 
a reading to half an hour without sacrifice in accuracy. 


It must be emphasised, however, that even though stable reproducible junction 
potentials can be obtained by this careful technique, the actual junction potential 
error is not thereby eliminated. To minimise this it is necessary, in addition, to ensure 
that the pH of the buffer used for standardising the meter be as near as possible to 
that of the unknown solution, in which case the two junction potentials will tend to 
cancel. 
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CONCLUSIONS 
It has been shown that with the equipment generally used in pH determinations 
an uncertainty of at least 0-1 pH unit must be expected in any measurement, but 
that this can be reduced to 0-01 pH units by using 2 free diffusion junction with “cylin- 
drical symmetry”’ 


The results of this purely practical investigation substantiate the statement by 
Dole! that the potentials at indefinite type junctions “‘may be in error by as much 
as 3-5 mV or 0-1 pH unit’, although, where the junction is cylindrically symmetrical, 
“fluctuations in its potential would be less than 0-01 pH unit”’. 
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PREPARATION OF DOUBLE METAL SULPHIDES OF THE TYPE 
B.S,. 


PART III. COMPOUNDS OF MOLYBDENUM AND TANTALUM. 
by 
L. D. C. BOK and J. C. A. BOEYENS 


OPSOMMING 
Twee dubbelmetaal-sulfiede, MoBe,S, en TaTi,S,, is in reaksies in die vaste toestand by hoé 
temperatuur berei. Verder is MoT1,S, en MoCu,S, berei as ’n neerslag uit oplossing. MoBe,S, 
en MoCu,§, is spinelle, en die ander is ook kubies. 
SUMMARY 


Two double metal sulphides, MoBe,S, and TaTi,S,, have been prepared in reactions in the 
solid state at high temperature. In addition, MoT1,5, and MoCu,S, have been prepared as precipi- 
tates from solution. MoBe,S, and MoCu,§, are spinels, and the others are also cubic. 


EXPERIMENTAL 
Three methods were used in attempts at preparing double metal sulphides :— 


(1) Heating of the constituent elements, or binary sulphides, in stoichiometric 
proportions in sealed evacuated tubes (Part I, Method (i) 3). 


(2) Precipitation from aqueous solution. Precipitates of double metal sulphides 
were formed when solutions of the salts of certain metals were added to a solution 
of ammonium sulphomolybdate (NH,),MoS,. This was prepared by adding ammonium 
hydroxide (50 ml., S.G. 0-94) to a solution of (NH,),Mo,0,,4H,O (5g.) in water 
(15 ml.) and passing hydrogen sulphide through the liquid until blood red tabular 
crystals with a green shimmer settled out. These crystals were filtered off, sucked to 
dryness, thoroughly washed with alcohol, and finally dried in a desiccator. 


(3) Reaction in liquid hydrogen sulphide. Pure dry liquid hydrogen sulphide was 
prepared by the method of Antony and Magri? as modified by Quam. 


RESULTS 


Be—Mo-—S. The product obtained after heating a mixture of the elements in 
proportion for MoBe,S, for 64 hours at 800° had a greyish brown glittering appear- 
ance, and gave an X-ray pattern in which a number of MoS, lines (Bell and Herfert *) 
appeared. The remainder of the lines did not agree with the pattern for BeS given 
by Staritzky ®. To check the correctness of this pattern a mixture of the elements in 
proportion for BeS was made up and heated in an evacuated tube for 6} hours at 
800°. The X-ray pattern of the whitish product agreed with that of BeS®. It was 
concluded that the remainder of the lines in the pattern obtained for the Be—-Mo—S 
system were not due to BeS, and it was observed that they showed a regular increase 
in sin*6 values. 


The original powdered product was reheated at 800° for another 12 hours. The 
X-ray pattern then showed two definite MoS, lines and one other line of very weak 
intensity which did not correspond to a cubic face-centred structure, but the re- 


18 JOERNAAL VAN DIE SUID-AFRIKAANSE CHEMIESE INSTITUUT Deel XI, No. 1 


mainder could all be indexed for a spinel MoBe,S, with a=10-81A. The density 
found experimentally was 2-68 g.cm-*., and the calculated value was 2-53 g.cm-?. 


The X-ray pattern (Cu radiation, nickel filter) is given in Table I. 


Estimated | Spacing 


Index Intensity | 
111 7 
311 10 
400 3 

1 
440 10 
622 9 

4 

5 
800 2 
662 3 
844 8 
666 6 
880 5 
10,62 7 
12,40 6 
10,66 2 
995 1 
888 1 


Other systems containing Mo. 


d (A) 


6-36 

3-162 
2-736 
2-301 
1-912 
1-631 
1-578 
1-532 
1-352 
1-238 
1-102 
1-039 
0-953 
0-913 
0-854 
0-825 
0-790 
0-780 


TABLE 


| 0-0147 


0-0593 
0-0793 
0-1120 
0-1620 
02226 
0-2386 
0-2523 
0-3241 
0-3866 
0-4887 
05497 
0-6528 
0-7121 
0-8126 
0-8727 
0-9498 
0-9744 


I 


Sin 20 
Cale. 


0-0152 
0-0559 
0-0813 


0-1626 
0-2235 


0-3251 
0-3861 
0-4877 
0-5486 
0-6502 
0-7112 
0-8128 
0-8738 
0-9499 
0-9754 


d(A) | Calculated Intensities 


Normal | Inverse 
Spinel Spinel 
6-2 2-9 
8-5 5-6 
0-5 10-0 
10-0 7-2 
2-9 <O1 
1-586 
1-534 
1:6 0-5 
3-6 


The results of other attempts at preparing double 


metal sulphides by heating in evacuated tubes at 800° are summarised in Table II. 
Products were identified mainly with the aid of the A.S.T.M. Index®. Where MoS, 
was formed, the pattern given by Bell and Herfert* for synthetic rhombohedral 
MoS, usually gave better agreement than the hexagonal patterns of the natural 
products given in the A.S.T.M. Index. 


Attempted Compound 


MoCu,S, 
MoHg,S, 
MoMn,S, 
MoPb,S, 
MoFe,S, 


MoCa,S, 
MoZn,S, 
MoBa,S, 
MoCd,S, 
MOoNi,S, 


| 


TABLE II 


Period of Heating (Hours) 


| 
| 


Products Identified 


MoS,, CuS. 
Hgs. 
MoS,, Mns. 
MoS,, PbS. 
MoS,, pyrrhotite 
(magnetic) 
Binary sulphides 
Binary Sulphides 
Binary sulphides 
“Binary sulphides 
Binary sulphides 


Precipitation from solution. The following double metal sulphides containing 
molybdenum were formed by precipitation from aqueous solution. The black pre- 
cipitate of MoAg,S, described by Berzelius? was obtained on addition of a silver 
nitrate solution to one of (NH,),MoS,. A brownish black precipitate of MoHg,S,, 
also described by Berzelius, was obtained by adding a solution of mercurous nitrate 


| 
| Expt. 
| 
| | 
| 
| | 
| 
| | 
24 
12 
12 
48 
12 
| 12 
12 
| 12 
12 
12 
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to one of (NH,),MoS,. A brick red precipitate of MoT1,S,, not previously described, 
was formed when a solution of TINO, was added to (NH,),MoS, solution. This preci- 
pitate was thoroughly washed with hot water and then dried in a desiccator. Chemical 
analysis gave:—Mo 15-16%, theoretical 15-14%; T1 64-58°%, theoretical 64-60% ; 
S 20-23%, theoretical 20-27°,. A regular increment in the sin?@ values in the X-ray 
pattern of the product could be explained if a simple cubic structure, a=11-55A, is 
assumed for MoT1,S,. The X-ray pattern (Cr radiation, no filter) is given in Table III. 


TABLE III 

Index Estimated Spacing Sin Sin 

Intensity d (A) Expt. Calc. 
2208 1 0-0683 0-0687 
220 10 4-042 0-0802 0-0824 
3118 4 0-0965 0-0944 
311 6 3-412 0-1125 0-1133 
222 5 3-246 0-1244 0-1236 
321 9 3-009 0-1446 0-1442 
410 8 2-759 0-1720 0-1751 
411 7 2-677 0-1826 0-1854 
420 2 2-499 0)-2096 0-2060 
421 2 2-485 0-2168 0-2163 
500 8 2-257 )-2569 0-2575 
5218 0-2575 
510 1 2-121 0-2676 0-2678 
521 5 2-067 0-3062 0-3090 
440 3 1-985 0-3323 0-3296 
620 6 1-782 0-4124 0-4120 
4448 0-4120 
541 2 1-736 0-4344 0-4326 
622 4 1-699 | 0-4536 0-4532 
444 4 1-628 0-4945 0-4944 
551 7 1-582 0-5237 0-5253 
730 6 1-480 0-5976 0-5974 


A new compound, MoCu,S,, was formed in a reaction between solutions of 
(NH,),MoS, and Cu,Cl,,but the black precipitate was so finely divided that it did 
not give a clearly defined X-ray pattern. In an attempt to obtain larger particles 
the product was sintered in an evacuated tube at 300° for 5 hours. When it was X-rayed 
again it was found to have decomposed, and the X-ray pattern was that of MoS, and 
CuS. MoCu,S, was then reprecipitated under more ideal conditions. Both solutions 
were kept at low concentration and the precipitation was carried out slowly in hot 
solution. The mother liquor was digested overnight on a waterbath to aid crystal 
growth. The precipitate was filtered off, washed and dried. A quantity was heated 
for a few hours at 100°. This gave a better X-ray pattern, but there were still only a 
few diffuse lines. These were in reasonable agreement with values for a spinel with 
a=10-6A. The density found experimentally was 3-73 g.cm-%, and the calculated 
value was 3.90 g.cm-*. Chemical analysis gave:—Mo 27-30%, theoretical 27-21%; 
Cu 36-00%, theoretical 36-17% ; S 36-50°%, theoretical 36-52%. The X-ray pattern 
is given in Table IV (Cu target, Ni filter). 


Ta—Ti—S. A mixture of the elements in proportion for TaTi,S, was heated for 
6 hours at 800°. The product was a brittle golden material. The X-ray pattern was 
that of a cubic compound. A few weak lines, attributed to TiS and TiS,, disappeared 
after reheating of the powdered product for a further 24 hours. The pattern for 
TaTi,S, could best be explained on the basis of a body-centred cubic cell with a= 13-22. 
This is given in Table V (Mo radiation, Zr filter). 


| 


20 JOERNAAL VAN DIE SUID-AFRIKAANSE CHEMIESE INSTITUUT Deel XI, No. 1 
TABLE 
Measured | Spacing Sin 76 Sin 26 Calculated Intensities 
Index Intensity d (A) Expt. Calc ——- -—_____— 
Normal Inverse 
} Spinel Spinel 
111 87 5-467 0-0199 0-0162 0-8 11 
220 11 3-767 0-0418 0-0432 43 17 
311 63 3-196 0-0581 0-0594 100 98 
331 32 2-383 0-1044 0-1026 0-5 4 
440 100 1-871 0-1693 0-1728 93 100 
TABLE V 
Index Estimated Spacing Sin Sin 
Intensity d (A) Expt. Cale. 
420 1 2-996 0-0140 0-0143 
422 1 2-682 0-0175 0-0171 
440 10 2-415 0-0216 0-0228 
600 6 2-195 0-0261 0-0257 
800 8 1-665 0-0454 0-0456 
844 9 1-353 0-0687 0-0684 
880 5 1-172 0-0914 0-0912 
12,40 7 1.052 0-1136 0-1140 
888 2 0-961 0-1361 0-1368 
12, 10,0 7 0-886 0-1596 0-1596 
16,00 2 0-829 0-1826 0-1824 
12, 12,0 5 0-781 0-2061 0-2052 
16, 80 3 0-740 0-2291 0-2280 
12, 12,8 3 0-707 0-2515 0-2508 
16,88 2 0-676 0-2746 0-2736 
20,40 3 0-651 0-2966 0-2964 
16, 12, 10 1 0-606 0-3422 0-3420 


Other systems containing Ta. Attempts were made to prepare compounds with 


the general formula TaM,S,, where M=Ba, Be, Ca, Cd, Co, Cu, Fe, Hg, Mg, Mn, 
Ni. Pb, Zn. Heating the constituents for periods from 12 to 24 hours in evacuated 
tubes at a temperature of 800° resulted in each case in a mixture of binary sulphides. 


Reaction in liquid hydrogen sulphide. Jander® has shown that solvolysis in liquid 
H,S can produce metal sulphides. Attempts were made to produce double metal 
sulphides by bringing tcgether two metal chlorides in liquid H,S, but without success, 
as only binary sulphides were formed. The same applies to mixtures of metal acetates 
complexed with diethylamine. 
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bursary awarded to one of them (J.C.A.B.). 
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THE SPECTROCHEMICAL ANALYSIS OF CERTAIN MACRO- AND 
MINOR ELEMENTS IN PLANT ASH USING A CONSTANT CURRENT 
GENERATOR 


by 
A. STRASHEIM and R. J. KEDDY 


OPSOMMING 


*n Metode om plantmateriaal, met behulp van ’n konstantegelykstroomboog as lig bron, te 
ontleed, word beskrywe. Die afhanklikheid van die resultate van die elektrode parameters word 
aangetoon. Die ontledingsresultate van ’n groep toetsmonsters in hierdie laboratorium verkry 
en die van drie ander laboratoriums vir die elemente kalium, magnesium, natrium, kalsium, 
barium, strontium, mangaan, yster, aluminium en koper word ook gegee en bespreek. 


SUMMARY 


A method for analysing plant materials for certain macro- and trace elements using a con- 
stant d.c. arc as light source is described. The dependence of the results on the electrode para- 
meters is shown. The analytical results of a group of test samples obtained in this laboratory and 
in three other laboratories are given and discussed for the elements potassium, magnesium, 
sodium, calcium, barium, strontium, manganese, iron, aluminium and copper. 


INTRODUCTION 


When analysing plant materials spectrochemically the possible influence of 
some extraneous elements must always be considered. To minimise the effects of 
these extraneous elements it has become the practice, before exciting the samples, to 
dilute the ashed-plant samples with a buffer. Aluminium oxide, ' potassium sulphate, ? 
sodium chloride, * germanium dioxide, ‘ lithium carbonate, * etc., may be cited as ex- 
amples. In this Laboratory lithium carbonate is generally used as the buffer material 
when analysing plant materials. For the excitation of the plant materials a d.c. arc 
is generally employed. The d.c. supply can be obtained from various sources of which 
the most common are batteries, generators or simple rectifier systems. The operation 
of the d.c. arc can, however, be considerably improved if the exciting e.m.f. of the 
analytical samples is, instead of batteries, etc., a constant direct current arc source ®, 
7, 8 % 10 The short period fluctuations as well as the general current change during 
the burning of plant ash samples, incorporated in a lithium carbonate base, in a 
normal d.c. arc, are practically completely resolved when a constant current generator 
is used. Current patterns of a 240 volt d.c. arc as obtained from a set of batteries, a 
mercury rectifier (3 phase input) and a constant current generator are shown in Fig. 
1 (a), (b) and (c) respectively. 


From Fig. 1 it can be seen that the general variation of current with time is 
approximately the same when using the batteries or the mercury rectifier as excita- 
tion source, but is considerably lessened when using a constant current generator. 


The question arises, however, whether this improved operation of the constant 
current arc is generally translated to the analytical results. After a few trial exposures 
it became apparent that the operation of this direct current unit?° is dependent on 
the parameters of the electrode system. It was accordingly decided to investigate 
the relative merits of the normal d.c. arc and constant current arc light sources when 


ar 


2 
4 
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used to excite plant and biological materials incorporated in a lithium carbonate 
base. 


Results reported in this paper also include a comparison of analytical results 
for the elements potassium, magnesium, sodium, calcium, barium, strontium, man- 
ganese, iron, aluminium and copper, obtained in this Laboratory with those of three 
other laboratories. 


COMPARISON BETWEEN NORMAL AND CONSTANT CURRENT ARCS. 


(1) Electrode forms used: 


As the performance of the constant current arc is dependent on the parameters 
of the electrode system, the tests with the different source units include some or all 
of the different top and bottom electrodes illustrated in Fig. 2. 


(2) Standard analytical conditions and photometric procedures : 
The standard analytical conditions and photometric procedures are listed below: 
Spectrographs: (i) Jarrell-Ash 71-15 grating. Centre of plateholder set at 3,800 A. 
(ii) Large Hilger prism. Camera set for the wavelength region 


2,750 —-4,600 A. 
Excitation (a) 220 V batteries—13 amps. short circuited. 
sources : (b) 230 V constant current generator—7 and 10 amps. 


(c) 230 V mercury recifier—13 amps. short circuited. 
(The central 4 mm. portion of the 9 mm. anode arc is photographed). 
Sample Composition: See appendix. 
Exposure: Samples burnt to completion, 24-3 mins. 
Plate type: (a) Kodak Uniform Gamma (for arc studies). 


(b) Kodak Spectrum Analysis No. 2 (for analysis curves). 
The recording conditions and the photometric procedures are those generally 
used in this laboratory"?, 


(3) Method for evaluating the performance of the different light sources: 


Twenty sample holding electrodes belonging to each combination as listed in 
Tables 2 and 4 were filled with synthetic plant material, standard No. 3 (see appendix). 
These twenty filled electrodes were then divided into two equal groups. One group 
was excited using the constant current generator, while the other group was excited 
using the set of batteries or the mercury rectifier as the excitation source. Each 
group of ten exposures just filled a plate. After development of the plates the blacken- 


ing of the lines listed in Table 1 was measured, the relative intensity ratios of the’ 


individual line pairs calculated, the average value determined and the percentage 
standard deviation calculated*. These results are given in Tables 2, 3 and 4. 


To make the comparison between the normal arc and constant current arc as 
objective as possible the two sets of exposures, using one type of combination of 
electrodes with different energy sources, were photographed one immediately follow- 
ing on the other. 


n 


*The formulae used were S = ( =) and R = mt 100% where S is standard deviation ; 


R, percentage standard deviation ; d, difference between each value and the mean value; n, number 
of observation; x, mean value. 


4 
i 
a 
3 


{ 
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FIG, 1 


Variations of current with time of a D.C. arc using 3 E.M.F. sources. 


(a) Batteries. 
(b) Mercury Rectifier. 
(c) Constant Current Generator. 
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Electrode Forms used. 
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During the course of this investigation it was observed that the humidity of the air 
affected the burning of the test samples. Preheating of the sample for an hour at 
approximately 65°C before packing it into the electrodes and then keeping the sample 
filled electrodes hot on a thermostat controlled hotplate until burning, was found to 
improve the burn. Arc parameter combinations 4 and 6 of Table 4 were repeated as 
combinations 5 and 8 respectively using a sample dried io this manner and it can be 
seen from Table 4 that there is an apparent improvement in the results. 


TABLE 1 
Analytical line pairs 


Element Line pair 
Barium Ba 4554/Cr 4254 
Strontium Sr 4078/Cr 4254 
Potassium . K 4044/Rb 4202 
Magnesium Mg 3336/Sn 3262 
Sodium Na 3302/Sn 3262 
Copper Cu 3274/Sn 3262 
Calcium Ca 3179/Sn 3262 
Aluminium Al 3082/Sn 3262 
Iron Fe 3021/Sn 3262 
Manganese Mn 2801/Sn 2840 


Mn 4030/Cr 4254 


Irom the results given in Tables 2, 3 and 4 the following may be concluded :— 
(a) The electrode parameters affect the reproducibility of the intensity ratios. 


(b) By applying the “sign test’’!* to the results in Table 4, combinations 6, 8, 
9 and 12 are the best, it being impossible to distinguish between these four combina- 
tions. The most satisfactory arc conditions are therefore given when 
(i) the light source is a constant current arc unit, 
(ii) the upper, purified carbon electrode has a hemispherical end, undercut to 
isolate it from the shaft of the electrode, 
(iii) the lower sample carrying electrode is a high purity graphite rod, 0-25 ins. 
in diameter, 1-5 ins. long and with the sample carrying cavity having the 
dimensions 8 mm. long, 2 mm. diameter and a wall thickness of 1 mm. 


(c) The higher arc current seems to improve the results. 


(d) As a general conclusion it can be said that, if the samples are pre-heated 
to diminish the effect of air humidity, the constant current generator gives improved 
results over the batteries and the mercury rectifier. 


THE ANALYSIS OF THE STANDARD PLANT SAMPLES. 


(1) Choice of plate types: 


The Kodak Uniform Gamma plate is basically the most suitable plate for analysis 
of the elements listed in Table 1, as these elements all have their analysis lines in 
the wavelength region 2,800 A-4,500 A. The sensitivity of this type of plate was 
found, however, to vary considerably from batch to batch and to such an extent 
that each new consignment of plates necessitated the establishment of new analytical 
conditions. Replacing this type of plate by Kodak SpectrumAnalysis No. 2 plates 
(S.A. 2 plates) was accordingly considered. The gamma of the S.A. 2 plates is less 
consistent with wavelength than that of the Uniform Gamma type and they also 
have a much coarser grain. Care must also be exercised when processing these plates 
as they have a thicker gelatine layer than most other types of spectrographic plates 
normally used in a spectographic laboratory. 


i 
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TABLE 3 
Percentage relative deviations comparing the constant current generator and . the 


Spectrographic plate type: Kodak S.A. 2. 

Large Hilger spectograph. 

Cathode D and Anode F Fig. 2. 

10 A current with the constant current generator. 

13 A current, short circuited, with the mercury rectifier. 


Deel XI, No. 1 


mercury rectifier 


Line pairs Constant current generator 


Mercury rectifier 


| | 
Ba 4554/Cr 4254 | 7 | 12 
Sr 4078/Cr 4254 | 12 | 17 
K 4044/Rb 4202 | 8 10 
Mg 3336/Sn 3262 9 11 
Na 3302/Sn 3262 | 13 | 17 
Cu 3274/Sn 3262 | 9 | 10 
Ca 3179/Sn 3262 | 7 9 
Al 3082/Sn 3262 | 8 9 
Fe 3021/Sn 3262 | 11 16 

5 il 


Mn 2802/Sn 2839 


To evaluate the performance of the S.A. 2 plates, a series of exposures was 
made on S.A. 2 plates using combination 8 (or 9) of Table 4. The standard and per- 


centage standard deviations of the intensity ratios were calculated 


for the same 


group of elements given in Table 4. The percentage standard deviations of these line 
pairs, together with some results recorded in Tables 3 and 4 for ease of comparison, 


are given in Table 5. 
TABLE 5 
Percentage standard deviations on uniform gamma and S.A. 2 plates 


Electrode combination: Cathode D, Anode F, Fig. 2. 
Light source: Constant current generator. 


It 2tt 3ttt 
Plate type Uniform Gamma S.A. 2 
Ba 4554/Cr 4254 14 9 7 6 
Sr 4078/Cr 4254 9 6 12 10 
Mn 4030/Cr 4254 14 12 8 5 
Mg3336/Sn3262 6 4 9 5 
Na 3302/Sn3262 8 11 13 9 
Cu 3274/Sn3262 10 9 6 
Ca 3179/Sn3262 7 10 7 7 
Al 3082/Sn3262 11 4 8 4 
Fe 3021/Sn3262 10 6 11 7 
Mn 2802/Sn 2839 9 10 5 10 


| 
| 


* J.A.: Jarrell-Ash Spectrograph. 
** L.H.: Large Hilger Spectrograph. 
+ Comb. 8 (Table 4). 
tt Comb. 9 (Table 4). 
ttt Table 3. 


Comparing either column 1 or 2 with column 4 in Table 5, it may be concluded 
that by applying the “‘sign test’’ the S.A. 2 and Uniform Gamma Plates are compara- 
able for recording the spectra of the analyticai elements listed in Table 5. 


Comparison of the results given in columns 3 and 4 by means of the “‘sign test”’ 
shows the results in column 4 to be significantly superior to those in column 3. This 
means that the Large Hilger instrument seems to give results significantly inferior 
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to those obtained using the Jarrell-Ash spectograph. This is probably due to the 
curved spectral lines photographed on the prism instrument and strengthens the 
argument for having prism instruments fitted with curved slits in order to combat 
the coma effect. 
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Analysis Curves of the Trace Elements. 
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(2) Analysis curves of the elements ; 

As has been mentioned, when using the constant current generator, it was not 
possible to determine which of the electrode combinations, cathode D, anode F or 
cathode D, anode G, Fig. 2, gave the best results. The shaping of the carbon electrode 
is, however, more, difficult than the shaping of the graphite electrode and it was de- 
cided to use the electrode combination cathode D, anode F with the constant current 
generator in order to establish the analysis curves of the elements. 


(a) Trace elements copper, aluminium, tron, manganese, barium and strontium. 
To establish the analysis curves for these elements, the standards, prepared as des- 
cribed in the appendix, were photographed in triplicate, the individual exposures of 
each standard being photographed on a separate plate. The analysis curves of these 
elements are shown in Fig. 3. 


For the elements, barium, copper, aluminium, iron and manganese, corrections 
for residual concentrations in the synthetic standards were made using the methods 
of Boettner'* and Cholak and Storey!®. Good agreement was found between the 
methods. 


In order to determine whether these corrections really were valid, copper, alu- 
minium, iron and manganese were separately added, in the form of solutions, in 
known amounts, to the buffer. The spectra of these mixtures were photographed 
and it was found that only at the correction value of each element, viz. 20 p.p.m. 
copper, 20 p.p.m. aluminium, 20 p.p.m. iron and 30 p.p.m. manganese, did the analy- 
sis lines of these elements become visibit on the photographic plate. As a further 
control 20 p.p.m. and 40 p.p.m. of each element were added to two of the lower 
standards. These standards were then analysed and good recovery values were 
obtained. 


The barium analysis curve required a residual contamination correction of 40 
p-p.m. The strontium curve required no correction. 


(b) The macro-elements potassium, sodium, calcium and magnesium. The analysis 
curves of the macro-elements required no correction and are illustrated in Fig. 4. 
The analysis line Mg 3336 is used in preference to the magnesium lines in the 2,800 
A region because these last named lines fall too near to the edge of the plate in a 
Littrow spectograph if barium and magnesium have to be determined simultaneously. 


(3) Comparison of analytical results with those from other laboratories: 

The analytical results of a series of standard samples, obtained using the method 
described above, are listed in Table 6. The results from three other laboratories are 
also listed and from these results the following can be concluded :— 


Cu: The general agreement between the values obtained by this method and 
those given by Chemical Services seems to be fairly good. The agreement with those 
from the Macaulay Institute is also good. The Onderstepoort values seem generally 
to be slightly lower. 


Mn: The spectrochemical results agree quite well with each other. The chemical 
results are generally low. 


Fe: The general agreement in the results seems to be satisfactory. The chemical 
results are nearly always slightly higher than the others reported. 


Al; Excepting for the results reported for Citrus, the agreement between the 
chemical results and the National Physical Research Laboratory results is very good. 


€ 
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Sr; The results of the three spectrochemical methods seem to agree satisfactorily. 


Ba: Agreement between the results of the different laboratories is generally 
good. 


Mg: The chemical and spectrochemical methods give comparable results. 


Na: The results reported by the different laboratories are of the same order. 
The chemical results given for samples 41 and 10 seem to be erroneous. The flame 
photometric method is generally considered to be superior to d.c. arc methods. 
Results reported indicate that the d.c. arc method is less sensitive than the flame 
photometric method. 


Ca: Results recorded for the constant current arc are generally higher than 
those obtained by other methods. 


K: The results of all the methods recorded show satisfactory agreement. 


CONCLUSION 


Results given in this paper indicate that when a constant current d.c. are unit 
is used the accuracy of d.c. excitation can be appreciably improved. This means that 
when this unit is used for routine analysis more accurate results can be obtained 
than when using normal d.c. excitation. Results given in Table 6 again stress the 
value of interlaboratory control analysis. 
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APPENDIX 
Preparation of synthetic plant material standards : 
For samples containing potassium, magnesium, sodium, calcium, silicon, stron- 
tium, barium, manganese, iron, aluminium, copper, lithium, chromium, tin and 
rubidium the method of preparation was similar to that described by Farmer. ? 


For establishing analytical curves for strontium, barium, manganese, iron, 
aluminium and copper, two mixtures were prepared with the following constituents :— 

Mixture A: KH,PO,, 0.900g.; MgO, 0-250g.; Na,CO,, 0-45g.; SiO,, 1-000g. ; 
CaCO 1-000g.; SrCO,, 0-084g.; BaCO,, 0-072g.; Mn,O,, 0-070g.; Fe,O,, 0-226g. ; 
A1,03, 0-299g.; CuO, 0-020g.; Li,CO,, 0-629g.; total weight 5-000g. 

Mixture B: KH,PO,, 0-900g.; MgO, 0-250g.; Na,CO,;, 0-450g.; SiO,, 1-000g. ; 
CaCOgz, 1-000g.; Li,CO,, 1-400g.; total weight 5-000g. 

Eight standards were prepared by diluting mixture A with mixture B so that 
the concentration values in p.p.m. of the elements in the various standards were as 
follows :— 

Ba, Sr, Mn: 10,000; 3,160; 1,000; 316; 178; 100; 56; 32. 

Fe, Al: 31,600; 10,000; 3,160; 1,000; 562; 316; 178; 100. 

Cu: 3,160; 1,000; 316; 100; 56; 32; 18; 10. 

Standard 1 was undiluted mixture A. 
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Before burning in the arc the standards were mixed with buffer in the ratio 1:9. 


A similar method of preparation was used for making up the macro-element 
standards. Two sets of standards were prepared, however, one set for Mg and Na 
the other set for Ca and K. 

Mg-Na. Mixture A: SiO,, 0-200g.; CaCO , 0-200g.; KH,PO,, 0-180g.; MgO, 
0-166g.; Na,COg, 0-230g. ; Li,CO,, 0-024g. ; total weight 1-000g. 

Mixture B: SiO,, 1-000g.; CaCO , 1-000g.; KH,PO,, 0-900g.; Li,CO;, 2-100g. ; 
total weight 5-000g. 

Ca-K. Mixture A SiOg, 0-200g. ; CaCO, 0-250g. ; KH,PO,, 0-348g. ; MgO, 0-050g. ; 
Na,CO,, 0-090g.; Li,CO,, 0-062g.; total weight 1-000g. 

Mixture B; 1-000g.; MgO, 0-250g.; Na,COs, 0-450g.; Li,Cog, 3-300g.; total 
weight 5-000 g. 


The first standards were again the undiluted mixtures A and the other standards 
were obtained by diluting A with B in order to obtain the following concentrations 
of the macro-elements: 10-000%, 5-620°%, 3-160°%, 1-780, 1-:000%, 0-562%. 


Before arcing the standards were again mixed with buffer in the ratio 1:9. 


Ten grams of buffer was prepared by mixing together the following: 
Li,CO;, 5-000g.; SP, grade spectrographic graphite powder, 5-000g.; RbCl, 
0-283g.; 0-1°% Cr solution, 1 ml.; 1-0% Sn solution, 1 ml. 


National Physical Research Laboratory, 
C.S.L.R., 
Pretoria. Received September 26th, 1957. 
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CHEMICAL INVESTIGATIONS OF PHOTOSENSITISATION DISEASES 
OF DOMESTIC ANIMALS 


PART I. ISOLATION AND CHARACTERISATION OF STEROIDAL 
SAPOGENINS FROM TRIBULUS TERRESTRIS 


by 
W. T. DE KOCK and P. R. ENSLIN 


OPSOMMING 
Suurhidroliese van die ru saponiene isoleer uit Tribulus terrestris, ’n plant verantwoordelik 
vir hepatogene fotosensitiwiteit in skape, lewer diosgenien, ruscogenien, gitogenien en 25D- 
spirosta-3:5-dieen. Die afbou van ruscogenien na 1£8,38-dihidroksie-pregna-5 :16-dieen-20-oon 
en 18,38-dihidroksie-pregn-5-een-20-oon word beskrywe. 


SUMMARY 
Acid hydrolysis of the crude saponins isolated from Tribulus terrestris, a plant responsible 
for hepatogenous photosensitisation in sheep, gave diosgenin, ruscogenin, gitogenin and 25D- 
spirosta-3:5-diene. The degradation of ruscogenin to 18,38-dihydroxypregna-5 :16-dien-20-one 
and 18,38-dihydroxypregn-5-en-20-one is described. 


INTRODUCTION 


Tribulus terrestris L. (fam. Zygophyllaceae), an annual plant of the Karoo, is 
reported to be responsible for geeldikkop, a photosensitisation disease of sheep in 
South Africa. Quin and Rimington! showed the photodynamic agent to be phylloery- 
thrin, a product of microbial chlorophyll digestion in the rumen of sheep. The accumu- 
lation of this fluorescent pigment in the peripheral blood circulation results from a 
derangement of the liver caused by toxins produced in Tribulus terrestris under 
certain climatic conditions. Since the excretion of bile pigments is also affected, a 
general jaundice accompanies the symptoms of acute photosensitisation. The evasive 
and labile character of the liver toxins formed in Tribulus terrestris has been responsible 
for the failure of numerous attempts to isolate them !. 


; Three years ago this Laboratory and the Division of Veterinary Services of the 
; Department of Agriculture, Onderstepoort, embarked on a collaborative programme 
of chemical and chemical pathological research on geeldikkop, which had again 
broken out extensively in the North Western Cape Province. 


In a preliminary note? the isolation of saponins from Tribulus terrestris and their 
hydrolysis te diosgenin and a dihydroxy sapogenin of unknown structure, provi- 
sionally named sapogenin B, was reported. The present paper describes the isolation 
and identification of three sapogenins in addition to a dehydration product of dios- 
genin. The isolation and physiological properties of the saponins will be dealt with 
in a forthcoming paper. 


Crude, amorphous saponins were extracted from dried Tribulus terrestris plants 
according to the method of Wall e¢ al’. On hydrolysis with acid and chromatography 
on alumina, four crystalline substances were obtained viz. diosgenin, gitogenin, rusco- 
genin (sapogenin B) and 25D-spirosta-3:5-diene. The latter substance is probably an 
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artefact formed during acid hydrolysis of the saponins, a reaction recently studied by 
Peal*. The identity of these products was established by comparison with authentic 
specimens. The identity of sapogenin B with ruscogenin, first isolated from the rhi- 
zomes of Ruscus aculeatus L.,®° was further proved by the preparation of various 
degradation products, viz. 18,38-dihydroxypregna-5:16-dien-20-one and 1£8,3p- 
dihydroxypregn-5-en-20-one. The structure of ruscogenin has recently been estab- 
lished as 18, 38-dihydroxy-25D(iso)-spirost-5-ene. © 7 § 


EXPERIMENTAL 

All m.p.s. are corrected. Rotations were measured in chloroform solution. 
Ultraviolet absorption spectra were determined in 96% ethanol in a Unicam S.P.500 
spectrophotometer. Infrared spectra were determined in a Perkin-Elmer Model 21 
spectrophotometer. The spectra of the sapogenins were determined in chloroform 
and their acetates in carbon disulphide solution. Paper chromatograms were run 
according to a modification of a method described by McAleer and Kozlowski’. 
Whatman No. 540 filter paper was impregnated with a 1:1 mixture of benzyl alcohol 
and carbitol (diethylene glycol monomethylether) and the chromatograms were 
developed with cyclohexane. Spots were revealed by spraying with a solution of 
dimethylaminobenzaldehyde (0-25 g.) in ethanol (25 ml.), phosphoric acid (5 ml.) 
and perchloric acid (2-5 drops). On heating at 80° for 3 min. intense pink to brown- 
red spots were obtained.?® 11 


Isolation of Sapogenins.—In general outline, the method of Wall et al.* was 
followed. Dried, ground Tribulus terrestris plants were exhaustively extracted with 
hot 96%, ethanol. The concentrated extract was shaken with benzene, to remove 
chlorophyll and fatty impurities, and with butanol to remove saponins. 


Evaporation of the butanol extract gave crude saponins as a light-brown foam. 
The yield varied between 1 and 2% in different batches. Hydrolysis of the crude 
saponins with 4N HC1 and treatment of the product with methanolic KOH gave the 
crude sapogenins as a brown gum (yield 10-20%). Separation of the sapogenin mixture 
was effected by chromatography in benzene-chloroform solution (1:1) on alumina 
(ratio 1:30). Elution with benzene-chloroform (9:1, 2:3), chloroform, chloroform- 
ethanol (98:2) and ethanol gave four partly crystalline fractions. 


25D-Spirosta-3 :5-diene.—Benzene-chloroform (9:1) eluted ca. 2% of semi- 
crystalline material which was further purified by rechromatographing on alumina, 
crystallisation from methanol and sublimation at 140°/10—?mm. to afford needles, 
m.p. 160-162°, [a]p—195° (c, 08%), Amax. 235my, inflexions at 244 and 229my (log 
e 4:30, 4-10 and 4-26 respectively) [Found: C, 81-6, 81-7; H, 10-0, 10-3. Calc. for 
C,,H,4.O0,: C, 81-8; H, 10-2%]. The infrared spectrum in chloroform solution showed 
strong bands at 865, 899, 920 and 982 cm.~ ! typical of the spiroketal side chain of a 
sapogenin °. The lack of a band in the 3400 cm.~— ! region indicated the absence of a 
free hydroxyl function. On hydrogenation over palladium on calcium carbonate in 
ethanol (containing 1°% acetic acid) two moles of hydrogen were absorbed. The above 
diene was identified (m.p., mixed m.p. and infrared) as 25D-spirosta-3:5-diene by 
comparing it with an authentic sample prepared from diosgenin by fusion with potas- 
sium bisulphate in high vacuum. Recrystallisation from methanol and sublimation 
in high vacuum gave crystals, m.p. 157-158°. 


Diosgenin.—Benzene-chloroform (2:3) eluted ca. 30% of partly crystalline 
material which was purified by rechromatographing on alumina and recrystallisation 
from acetic acid and methanol to afford needles, m.p. 204-205-5°, [a]p—120° (c, 0-3%) 
[Found: C, 78.4; H, 10-3. Calc. for C,7H4,0,: C, 78-2; H, 10-2%]. Acetylation (acetic 
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anhydride-pyridine) gave the monoacetate, m.p. 190-192°, [a]p—126° (c, 08%). 
This genin and its acetate were identified by comparison (m.p., mixed m.p., infrared 
spectra and paper chromatography) with an authentic sample of diosgenin isolated 
from Dioscorea sylvatica Ecklon.* 


Ruscogenin.—Chloroform and chloroform-ethanol (98:2) eluted ca. 22% of semi- 
crystalline material which was purified by rechromatographing on alumina and 
crystallisation from acetic acid and methanol to afford needles, m.p. 213-215-5° 
(occasionally samples of constant m.p. 208-210° were obtained), {a}p—121° (c, 0-34%) 
(Found: C, 75-3, 75-3; H, 9-9, 9-8. Calc. for C,,H,4,0,: C, 75-3; H, 9-8%]. Acetylation 
(acetic anhydride-pyridine) gave a diacetate, m.p. 206°, [a]p—75° (c, 0-8%) [Found: 
C, 72-5, 72-6; H, 9-2, 9-2. Calc. for C,,H,,0,: C, 72-3; H, 9-0%]. The lower melting 
genin gave an acetate with m.p. 190-194°. A comparison of the above genin and its 
acetate by means of m.p., mixed m.p., infrared spectra and paper chromatography 
with authentic samples of ruscogenin and its acetate, proved their identity. 


Gitogenin.—By washing the column with 96% alcohol, ca. 5% of a substance 
sparingly soluble in chloroform, was removed. Recrystallisation from acetic acid 
and from methanol afforded crystals, m.p. 263-267°. Acetylation (acetic anhydride- 
pyridine) gave the diacetate, m.p. 239-241°, [a}p—103° (c, 08%) [Found: C, 72-4; H, 
9-7. Calc. for C3,H4g0,: C, 72-1; H, 9-4°,]. The m.p., mixed m.p. and infrared spectrum 
were identical with those of an authentic sample of gitogenin diacetate.{ Alkaline 
hydrolysis of the acetate gave gitogenin, m.p. 271°, [a|p—69° (c, 0-8%) [Found: 
C, 75-1; H, 10-3. Cale. for C,,H4,O,: C, 75-0; H, 10-3%). 


1B,3B-dihydroxypregna-5 ;16-dien-20-one.—Ruscogenin diacetate (10-7g.), octan- 
oic acid (14-2 ml.) (cf. Cameron ef al.1*) and acetic anhydride (5-4 ml.) were 
slowly heated to a temperature of 245° (acetic anhydride siowly distilled off) and 
kept at that temperature for 3 hr. The octanoic acid was subsequently removed by 
washing a benzene solution of the reaction product first with 2N-sodium hydroxide 
and then with water. Evaporation of the solvent afforded crude pseudoruscogenin 
acetate (brown syrup). This was dissolved in acetic acid (150 ml.), sodium acetate 
(2-5 g.) added and oxidised at 13° by the addition of a solution of chromic acid (4 g.) 
in 80% aqueous acetic acid (15 ml.) during the course of 15-20 min. After standing 
for 90 min. at 22°, excess methanol was added and the product worked up in the usual 
manner to give a brown oil. This was hydrolysed by shaking it for 3} hr. at 28° with a 
solution of aqueous potassium hydroxide (5 g.) in tertiary butanol (100 ml.) (cf. Wall 
et al.1*). After dilution with water, the product was extracted with ether. Evaporation 
of the solvent and crystallisation from methanol gave plates, m.p. 223-232°; yield 
3-6 g. Further purification was effected by filtration of the product in chloroform 
solution through a column of alumina, recrystallisation from methanol and acetone 
and sublimation in high vacuum at 160-180° to give plates, m.p. 234-240°, [a]p—37° 
(c, 0-8%), Amax. 238, 310-315 my (lon. « 3-94 and 1-87 respectively). The af-unsat- 
urated ketone system at C,, appeared as typical bands at 1667 and 1740 cm.~? in 
the infrared spectrum (in chloroform solution) [Found: C, 76-2; H, 9-1. Calc. for 
C,,H3,0;: C, 76-3; H, 9:2%]. 


1B,3B-dihydroxy pregn-5-en-20-one.—The above 5:16-diene (408 mg.) was reduced 
over palladium on calcium carbonate catalyst (204 mg.) in ethanol. After 30 min. 
the reduction was interrupted (1-1 mole hydrogen absorbed) and the product 
crystallised from methanol to afford plates (194 mg.), m.p. 184-187°. Filtration of 


*Sample kindly presented by Biochemico (Pty.) Ltd., Johannesburg. 
+Samples kindly presented by Dr. H. Lapin, College de France, Paris. 
{Sample from Prof. C. Djerassi, kindly presented by Prof. T. Reichstein, Basle University. 
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this product in chloroform solution through alumina (20 g.) and crystallisation from 
methanol gave plates (88 mg.), m.p. 188-190°, [a]p+38° (c, 0-5%) [Found: C, 75-9; 
H, 10-1. Cale. for C,,H3,0,: C, 75-9; H, 9-7%]. A mixed m.p. with 18,38-dihy- 
droxypregn-5-en-20-one of m.p. 185-187°, prepared by H. Lapin from ruscogenin 
obtained from Ruscus aculeatus L., gave no depression. The two specimens had 
identical infrared spectra (in potassium bromide discs). 


The authors are indebted to Prof. T. Reichstein, Basle University, Dr. H. 
Lapin, College de France, Paris and Mr. R. B. Howie, Biochemico (Pty.) Ltd., 
Johannesburg, for the gift of authentic samples. They also wish to thank Miss P. 
Hughes for micro-analyses, Mrs. W. Schulte for infrared analyses and Mr. D. F. 
Gouws for technical assistance. 


This paper is published by permission of the South African Council for Scientific 
and Industrial Research. 


National Chemical Research Laboratory, 
South African Council for Scientific and Industrial Research, 
Pretoria, South Africa, Received 14th March, 1958 
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VIR DIE AANDAG VAN OUTEURS 


Die Joernaal van die Suid-Afrikaanse Chemiese Instituut word gewy aan die publikasie van 
oorspronklike navorsing in alle vertakkings van chemie en chemiese tegnologie. 

Alle bydraes moet in triplikaat ingehandig word; indien daar grafieke is moet een stel 
noukeurig met Oosindiese ink afgeteken word op gladde wit Bristol-blad of tekenpapier, of op aftrekdock 
—die ander twee stelle kan afdrukke wees, of met potlood geteken word. 

Artikels moet so saaklik moontlik wees, verenigbaar met duidelikheid, en moet nie onnodige 
eksperimentele besonderhede bevat nie. Artikels moet in tikskrif wees—dubbel spasiéring—net 
aan een kant van die papier, met ’n behoorlike kantruimte aan die linkerkant. Die papier moet 
nie-absorberend wees. 

Die buitemate van plate—insluitende die ruimte vir byskrif—moet hoogstens 14 duim by 
10 duim wees, en liefs nie minder as 7 duim by 5 duim nie. Die verhouding 1-4:1-0 moet in elk 
geval nagekom word. Byskrif en letters—hetsy in die kantruimte of in die tekening selfi—moet 
nie met ink gedoen word nie, maar liggies met gewone potlood of uitveebare bloupotlood. 

Elke artikel moet voorafgegaan word deur ’n opsomming in elk van die twee offisiéle landstale, 
en die opsomming wat tweede verskyn moet in dieselfde taal as die artikel wees. Die opsomming 
moet in eenvoudige taal ’n kort en saaklike uiteensetting gee van die oogmerke van die ondersoek, 
die resultate wat behaal is, en die gevolgtrekkings. Die opsomming moet ongeveer 50-250 woorde 
beslaan en mag in elk geval nie meer as 5 persent van die artikel wees nie. 

Verwysings moet in numeriese opeenvolging aan die end verskyn, in die volgorde: skrywer 
se van; joernaal ; datum ; deel; bladsy ; die ooreenstemmende verwysingsnommers moet in volgorde 
in die teks verskyn as kopskrifte. 

Verwysings na boeke moet as volg aangedui word: skrywer se van; titel; uitgawe; uitgewer; 
datum van publikasie; bladsy. 

Simbole en afkortings moet volgens B.S. 813: 1938 wees. 

Bydraers moet afskrifte hou van al hulle mededelings. 

Outeurs word versoek om hulle bydraes so op te stel dat dit ooreenstem met die gewone trant 
honvensie en kernagtigheid van hierdie joernaal. 

Dui asseblief aan waarheen die drukproewe moet gestuur word. 

Outeurs kan verdere voorskrifte en aanwysings, i.v.m. die opstel van ’n artikel, aanvra. 

Rig asseblief alle korrespondensie aan die Redakteur van die Joernaal, Suid-Afrikaanse 
Chemiese Instituut, Kelvinhuis, h/v Marshall- en Hollardstraat, Johannesburg. 
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work in all branches of chemistry and chemical technology. 

All papers must be submitted in triplicate: where diagrams are included one set of these must 
be carefully drawn, in Indian Ink, on smooth white Bristol board or paper, or on tracing cloth, the 
remaining two copies may be pencil drawings or prints. 

Papers should be as brief as possible compatible with clarity, and no unnecessary experimental 
details should be included. All papers must be typewritten in double line spacing, on one side 
only of the paper, with a good margin on the left hand side. The paper should be non-absorbent. 

The total external dimensions of illustrations (including space to be taken up by lettering) 
should not exceed 14 inches by 10 inches and preferably should not be less than 7 inches by 
5 inches—the proportion 1-4:1-0 being in all cases maintained. Lettering on drawings, whether 
on the margin or in the body of the drawing must not be in ink but must be inserted lightly, 
in blue pencil or erasable lead pencil. 

Every paper must be preceded by two summaries, one in each official language; the second 
summary being in the same language as that of the paper. Each summary should set forth 
concisely and in simple language the objects and purpose of the investigation, the results obtained 
and conclusions drawn. These should normally be from 50 to 250 words in length and, in any 
case, should not exceed 5 per cent. of the paper. 

References should appear at the end of the paper, in numerical order in the following sequence: 
author’s surname; journal; date; volume number; page; the necessary reference numbers should 
appear, in sequence, as superscripts in the text. 

Where reference is made to books the following sequence should be adhered to: author’s 
surname; title; edition; publisher; date of publication. page; 

Symbols and abbreviations used should conform with B.S. 813: 1938. 

Authors should retain copies of their communications. 

Authors are requested to arrange their papers to conform, as far as possible, with the normal style, 
conventions and conciseness of this journal. 

The address to which proofs are to be sent should be written on every paper. 

Directions to authors regarding the preparation of papers will be forwarded on application. 

All communications should be addressed to the Editor of the Journal The South African 
Chemical Institute, Kelvin House, cor. Marshall and Hollard Streets, Johannesburg. 
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Progress 
in Petrochemicals 


From 75 tons in 1925, petrochemical production 
increased to 14,000,000 tons by 1955. Standard 
Oil Company Associates have played a leading 
role in this field. With a modern Refinery in Durban, 
Standard Oil Company is now in a position to 
contribute even more fully to the growing needs 
of South African industry. 


From basic building blocks such as Ethylene, 
Propylene, Butylene, and Aromatics come a whole 
range of products which can be produced, such as 
Synthetic Fibres, Plastics, Detergents, G.R.S. 
Rubber, Liquefied Petroleum Gas, Fertilisers, 
Fungicides, Resins and numerous others in the 
limitless field of petrochemicals. 


The Standard Oil Company and their Associates 
with vast experience and background, and as 
pioneers in the petrochemical industry, are in the 
forefront of that progress in South Africa. 


by the 
STANDAKD OIL COMPANY OF SOUTH AFRICA (PTY.) LTD., 


Branches at Johannesburg, Durban, Cape Town, Port Elizabeth and Salisbury 


CITY PRINTING WORKS ( PTY.) LTO., SANK STREET. PIETERMARITZBURG. 
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